1. Introduction
===============

Bronchiolitis causes significant morbidity and mortality in infants and young children worldwide and is one of the most common clinical conditions treated by practicing pediatricians.^\[[@R1]\]^ Severe bronchiolitis is the most common reason for hospitalization of pediatric patients. This condition causes acute inflammation, edema, and necrosis of epithelial cells; increased mucus production; and inadequate oxygenation of tissues, which can permanently damage the respiratory structures. In high-income countries, such as the United States, the number of hospitalizations for severe bronchiolitis have been estimated at 120,000 cases per year among infants,^\[[@R2]\]^ and the proportion of hospitalizations have tripled between 1980 and 1996, from 5% to 16%.^\[[@R3]\]^ In Spain, the incidence of bronchiolitis is estimated at 7%, and hospital admissions is estimated at 1.79% annually in children younger than 2 years.^\[[@R4]\]^ However, in low/middle-income countries, the data on admissions of children with severe bronchiolitis and their outcomes are seldom up to date.

Bronchiolitis is caused by viral infection in infants and young children. Although many respiratory viruses infect the lower respiratory system, respiratory syncytial virus (RSV) is the most common etiology of bronchiolitis, and it has been reported as the most frequent cause of infant hospitalization annually in developed countries, such as the United States and Spain.^\[[@R5],[@R6]\]^ In fact, about 90% of children suffer an RSV infection during the first 2 years of life,^\[[@R7],[@R8]\]^ and as many as 40% present with lower respiratory tract infection initially.^\[[@R9]\]^ Other viruses can cause bronchiolitis, including rhinovirus, metapneumovirus, influenza, adenovirus, coronavirus, and parainfluenza viruses.^\[[@R10]\]^ However, in Mexico, infants and young children with respiratory virus infections and severe bronchiolitis have not been reported in Emergency department data.

Although RSV infection is known as a risk factor for severe bronchiolitis,^\[[@R11]\]^ other risk factors have been associated with the severity of bronchiolitis in infants and young children. These risk factors can be categorized as environmental, maternal, and host factors. Environmental exposure of children or their mothers to allergens, cigarette smoke, overcrowded living conditions, and particulate matter can contribute to the severity of bronchiolitis and cause respiratory airway damage.^\[[@R2],[@R12]--[@R14]\]^ The host-related factors associated with severe bronchiolitis are male sex; congenital heart disease; and a history of premature birth, mechanical ventilation as a neonate, low birth weight, or short birth length.^\[[@R6],[@R15]--[@R19]\]^ Other associated risk factors in infants with severe bronchiolitis include the lack of breastfeeding, delivery by elective caesarean section, maternal age, inadequate prenatal care, incomplete vaccination history, and a family history of asthma.^\[[@R6],[@R14],[@R18],[@R20]--[@R24]\]^ These risk factors related to the severity of bronchiolitis in children have been reported in Europe, North America, and South America.

In Mexico, a history of premature birth and a family history of asthma were associated with increased risk of bronchiolitis in children younger than 2 years, and factors that had protective effects were early ablactation, considered as introduction of other foods different to milk before from four months of age, and breastfeeding.^\[[@R17]\]^ However, the associations of the other risk factors associated with severe bronchiolitis in hospitalized children have not been studied in Mexico. For that reason, we analyzed the respiratory viruses implicated in severe bronchiolitis among children 2 years or younger and estimated the impact of the known risk factors associated with severity of this disease to implement better pediatric care in Emergency departments in low/middle-income countries. The aim of this study was to analyze the prevalence of respiratory virus infections in children 2 years or younger and estimate their associations with established risk factors for severe viral bronchiolitis treated in an Emergency department in a public hospital in Mexico.

2. Materials and methods
========================

2.1. Study design, population, and setting
------------------------------------------

This retrospective, case-controlled study included all children 2 years or younger who were hospitalized with a diagnosis of severe bronchiolitis in the Emergency department at the Civil Hospital of Guadalajara Dr. Juan I. Menchaca from September 2012 to January 2015. Severe bronchiolitis was defined as rhinorrhea, cough, tachypnea, wheezing, rales, and increased respiratory effort (e.g., grunting, nasal flaring, and intercostal and/or subcostal retraction), with symptoms of severity (e.g., increased respiratory rate, retractions, and oxygen saturation at 90% or lower).^\[[@R25]\]^ All these children with severe bronchiolitis-diagnosed were hospitalized in ward. In addition, clinical information about healthy age-matched children, that received care for healthy children control, from the same period of time was used as the control group. Informed consent was obtained from the children\'s parents at the time of clinical evaluation. The Research Council and Ethical Committee of the Civil Hospital of Guadalajara Dr. Juan I. Menchaca approved the study in accordance with the Declaration of Helsinki 1975, as revised in 1983.

Inclusion criteria included diagnosis of severe bronchiolitis, age 2 years or younger, date of birth during the study period, birthplace in Jalisco, Mexico, and respiratory virus detected in nasopharyngeal aspirate. Exclusion criteria included previous hospitalization for bronchiolitis, previous use of bronchodilators or corticosteroids, the lack of clinical symptoms of respiratory infections and/or demographic data, birthplace outside the catchment area, and absence of respiratory virus isolated in nasopharynx aspirate. Healthy children 2 years or younger, with no history of respiratory symptoms or previous hospitalizations during the past 6 months, who were born in the catchment area and received care from the Preventative Medicine department in our hospital were included as a healthy control group.

The Civil Hospital of Guadalajara Dr. Juan I. Menchaca is a tertiary-level hospital that provides medical care to people from rural towns and urban cities of western Mexico, many of whom have a low income and very limited access to social security or health insurance. The Emergency department has 2 consultation offices for triage evaluation, 6 beds for ambulatory fluid resuscitation, and 23 beds for pediatric hospitalization (8 for newborns and 15 for pediatric patients). Twelve emergency pediatricians and 24 nurses attend to pediatric patients that arrive at this department for any emergency.

2.2. Demographic and risk factor data
-------------------------------------

The medical records of children included in this study were independently reviewed by 2 pediatricians, and the information was recollected using a standardized questionnaire in the moment that the child was present at Emergency or Preventative Departments for evaluation. The following demographic data were investigated: age, sex, date of birth, gestational age, birth weight, birth length, previous hospitalizations, history of previous respiratory disease, and birthplace. All mothers were interviewed to determine their children\'s exposure to potential or known risk factors for severe bronchiolitis, including the following: history of inadequate prenatal and neonatal care (e.g., whether mother was evaluated by a medical doctor at least 9 times during the pregnancy^\[[@R24]\]^), intake of vitamins and calcium during of pregnancy, exposure to cigarette smoke,^\[[@R26]\]^ delivery by elective caesarean section,^\[[@R23]\]^ premature birth (gestational age \< 37 weeks^\[[@R15]\]^), requirement of mechanical ventilation during the neonatal period,^\[[@R15]\]^ congenital abnormality (e.g., persistent ductus arteriosus, Down syndrome^\[[@R15],[@R19]\]^); children\'s health history: breastfed for at least 6 months^\[[@R21]\]^ (if the children were less than 6 months of age and they were being breastfed, was considered to have this criteria), completed vaccination schedule for the child\'s age (Bacillus Calmette--Guerin and hepatitis B vaccines at birth and hepatitis B vaccine at 2, 4, and 6 months of age; pentavalent acellular pertussis, rotavirus, and pneumococcus vaccines at 6 and 7 months of age; and annual influenza vaccines^\[[@R27]\]^), daycare,^\[[@R28]\]^ or malnutrition (i.e., deficiency of weight/age, index weight/age, height/age, and weight/height were obtained from the children, and then the nutrition indexes were analyzed^\[[@R29]\]^); family health history: asthma, allergies, atopy, and rhinitis in family members^\[[@R18]\]^; and environmental factors: passive exposure to house smoking,^\[[@R30]\]^ excessive moisture in the house (coexistence of molds or black spots on the walls), overcrowding,^\[[@R12]\]^ pest infestation in the house, and coexistence with pets.^\[[@R18],[@R30]\]^

2.3. Detection of respiratory viruses
-------------------------------------

Nasopharyngeal samples were obtained upon admission from all children with a diagnosis of severe bronchiolitis who were enrolled in the study. The presence of respiratory virus was analyzed using a standard procedure.^\[[@R31]\]^ Viruses were placed in viral transport medium and maintained at 4°C. The samples were stored at --80°C until their viral nucleic contents were analyzed.

Respiratory viruses were detected and identified using the CLART PneumoVir array assay (Genomica S.A.U., Madrid, Spain) in 3 steps (extraction, amplification, and hybridization array), according to the manufacturer\'s protocol. This kit is based on 2 end-point multiplex reverse transcription-polymerase chain reaction (RT-PCR) or PCR amplification and subsequent DNA microarray (hybridization) detection. This assay detects single or mixed infections with 17 different respiratory viruses: adenovirus; bocavirus; coronavirus; enterovirus (echovirus); influenza A virus H1N1/2009; influenza viruses A, B, and C; metapneumoviruses A and B; parainfluenza viruses (PIV) type 1, 2, 3, 4A, and 4B; rhinoviruses; and RSV A and B. Sensitivity and specificity values of 90% or more are reported per the manufacturer.

Briefly, the viral genomes were manually obtained from 200 μL of samples with an extraction kit included in the assay, then eluted in 20 μL of elution buffer. RT-PCR was carried out in 2 different ready-to-use amplification tubes with specific primers for the respiratory viruses listed below. One multiplex-PCR tube for amplification of coronavirus, metapneumovirus (subtypes A and B), parainfluenza virus 1, 2, 3, and 4 (subtypes A and B), and RSV type A; and another multiplex-PCR tube for amplification of adenovirus; bocavirus; enterovirus, influenza virus C, metapneumovirus, and RSV type B. These tubes have a mixture of retrotranscriptase and DNA polymerase enzymes for amplification both RNA and DNA viruses. During the amplification process, the amplified products were labeled with biotin. These biotin markers act as reference system for the automatic alignment of the array grid, and serve as control of the reagents performance. A specific 120- to 330-base pair fragment of the viral genomes was amplified. In addition, an internal control (200 μL of solution dilution) was used to ensure the proper performance of the process of amplification.

After the amplification process, the amplified products were hybridized with their respective probes that were immobilized at different sites on the array. Then, they were incubated with streptavidin peroxidase to generate an insoluble product that precipitates at the hybridization sites in the array. Hybridization occurred in a low-density microarray containing triplicate DNA probes that are specific to the respiratory virus studied. All these products were visualized by using CAR automatic reader (Clinical Array Reader) (Genomica S.A.U.).

2.4. Statistical analyses
-------------------------

The continuous variable data are reported as the mean and standard deviation (SD). The demographic data, respiratory viruses detected, and risk factors are given as simple frequencies and proportions. Statistical associations were determined by Student *t* test, Chi-square test, or Fisher exact test, when appropriate. Bivariate analysis was performed using Chi-square test and odds ratio (OR) calculated for risk factors. A *P*-value \< .05 was considered statistically significant, and the confidence interval (CI) was set at 95%. All risk factors with significant OR (*P* \< .05) and those with *P* \< .20 were chosen for further evaluation. Logistic regression was used to analyze independent risk factors. Two models were built using enter and conditional forward-selection methods, and then a final model was built. The risk factors that significantly changed the Chi-square value of the model were preserved. The following risk factors or protective variables were entered: exposure to cigarette smoking, having completed the vaccination schedule for the patient\'s age, breastfeeding for at least 6 months (in children older 6 months of age), a family history of asthma, and male sex.

3. Results
==========

During the study period, 134 cases of severe bronchiolitis caused by respiratory virus confirmed in pediatric patients 2 years or younger were treated in the pediatric Emergency department, and none were hospitalized on 2 or more occasions.

3.1. Demographic variables
--------------------------

Table [1](#T1){ref-type="table"} summarizes the demographic data of the patient and health control groups; the data were compared between both groups. The mean age of children with severe bronchiolitis was 6.6 ± 5.7 months (range, 1--24 months), which did not differ from that of the control group (mean age, 6.61 ± 5.6 months; *P* = .748). The patient group was predominantly male (60.5%, 81/134), but the control group was not (39.5%, 53/134; *P* = .0006).

###### 

Comparison of demographics of pediatric patients with severe viral bronchiolitis and healthy controls.
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3.2. Multiple respiratory viruses cause severe bronchiolitis
------------------------------------------------------------

Several respiratory viruses were identified in the nasopharyngeal samples from the 134 children with severe bronchiolitis (Table [2](#T2){ref-type="table"}). Single or mixed (coinfections) respiratory viruses were obtained from each patient. Thus, a total of 153 respiratory viruses were identified in these 134 children with severe bronchiolitis: RSV type A or B was the most frequently detected \[23.6% (36/153) and 17.6% (27/153), respectively\], followed by rhinovirus (16.3%, 25/153) and PIV type 3 (12.4%, 19/153). Coinfections with 2 respiratory viruses were found in 19/134 (14.2%) cases, and every case included RSV type A or B virus. Coinfection with both types of RSV virus was the most common (21%, 4/19), followed by RSV type B with PIV type 3 (15.6%, 3/19), RSV type A with PIV type 3 (10.5%, 2/19), and RSV type A with rhinovirus (10.5%, 2/19). The total of 153 respiratory viruses identified and coinfection cases in these children with severe bronchiolitis are shown in Table [2](#T2){ref-type="table"}.
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Incidence of 153 respiratory viruses identified in nasopharyngeal samples from 134 pediatric patients with severe bronchiolitis.
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3.3. Risk factors associated with severe bronchiolitis
------------------------------------------------------

We investigated various potential risk factors in children with severe bronchiolitis and in the healthy control group (Table [3](#T3){ref-type="table"}). The following risk factors were independently associated with severe bronchiolitis: male sex, having persistent ductus arteriosus at birth, maternal history of asthma and/or allergies, history of exposure to cigarette smoking, a family history of cigarette smoking, overcrowding, and coexistence with animals.

###### 

Bivariate analysis of risk factors for severe viral bronchiolitis in Mexican children.
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In contrast, the protective factors we found in the children with severe bronchiolitis were adequate prenatal care, maternal history of taking prenatal calcium, and having a complete vaccination profile for the patient\'s age.

3.4. Risk or protective factors associated with severe bronchiolitis
--------------------------------------------------------------------

The final model of logistic regression analysis of the risk factor independently associated with severe bronchiolitis in children 2 years or younger is shown in Table [4](#T4){ref-type="table"}. Only exposure to cigarette smoking was an independent risk factor associated with severe bronchiolitis (OR, 3.5; 95% CI, 1.99--6.18; *P* = .0001) and having a complete vaccination profile for the patient\'s age was the only protective factor identified (OR, 0.55; 95% CI, 0.35--0.87; *P* = .010).

###### 

Multivariate analysis of risk factors associated with severe viral bronchiolitis.
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4. Discussion
=============

Respiratory virus infections are the most common cause of bronchiolitis in children worldwide, and RSV is well recognized as the most prevalent virus in severe bronchiolitis among infants treated in Emergency departments. In our study, we found that RSV type A or B was the most frequently isolated virus, and all mixed viral infections included RSV and another respiratory virus.

It is important to note that we did not find an association for severe bronchiolitis among cases of children with severe bronchiolitis with viral coinfections, as has been reported previously.^\[[@R28]\]^ Our findings also contrasted with previous reports in which rhinovirus and metapneumovirus were the most frequent viruses isolated from children with bronchiolitis.^\[[@R11],[@R22],[@R28]\]^ In addition, is contrasting with our study the fact of metapneumovirus and adenovirus were the respiratory virus reported most frequently in Mexican children (under 5 years of age) who had acute respiratory infection during winter and spring, and did not require being hospitalized in Emergency department.^\[[@R32]\]^ Although we detected rhinovirus, PIV type 3, and other respiratory viruses in the children with severe bronchiolitis in our study, further large-scale investigations are necessary to estimate the prevalence of these respiratory viruses in different pediatric settings and their implications in the severity of respiratory infections.

Several environmental and host factors have been implicated in the development of severe bronchiolitis in children during their first 2 years of life that require treatment in an Emergency department, and numerous studies have analyzed the association between these risk factors and severe bronchiolitis. However, few studies have been performed using infants hospitalized with severe bronchiolitis whose viral infections were confirmed, and few studies have included the incidence of these risk factors in the general pediatric population in which this investigation was done.

Exposure to cigarette smoking is a major cause of increased risk of hospitalization due to bronchiolitis among infants and young children. In this study, exposure to cigarette smoking was the only independent risk factor associated with severe bronchiolitis treated in the Emergency department at our hospital. This result is consistent with those from previous studies that reported children\'s exposure to maternal cigarette smoking increased the risk of hospitalization in infants and young children with bronchiolitis. This result suggests that exposure to cigarette smoking decreases pulmonary function in children 2 years or younger, which in turn, results in an increased number of visits to the Emergency department.^\[[@R2],[@R12],[@R17],[@R18],[@R33],[@R34]\]^ Regional campaigns to increase awareness about the importance of avoiding exposing young children to cigarette smoking should be reinforced to decrease acute inflammation, hospitalizations, and permanent damage to their lower airway systems.

Other environmental factors that we found to be associated with severe viral bronchiolitis in our bivariate analysis were living in overcrowded conditions, having a pest (e.g., termite, flea, tick, or rodent) or cockroach infestation in the house, and coexisting with pets. Although previous reports have not shown that overcrowded living conditions is associated with severe viral bronchiolitis in infants,^\[[@R17],[@R35]\]^ overcrowding is a well-known risk factor for severe bronchiolitis.^\[[@R1],[@R8],[@R25]\]^ In addition, these associated environmental factors, that were found in our study, may reflect that our hospital primarily serves a low-income population that lacks health insurance. One earlier study reported that living in low-income conditions influences the severity of viral bronchiolitis,^\[[@R30]\]^ but the presence of pets, pest infestation in the house, or farm animals did not.^\[[@R17],[@R35]\]^ However, the contribution of these environmental factors to worse outcome of viral bronchiolitis in infants and young children is well studied; thus, studies in similar populations are required to analyze these associations.

Family factors that were associated with severe viral bronchiolitis in this study were maternal history of asthma and allergies, as have been previously reported in Mexico.^\[[@R17]\]^ However, risk factors such as exposure to cigarette smoking during pregnancy were not associated with severe bronchiolitis in the children studied, contrasting with findings reported previously in Spain and North American.^\[[@R2],[@R26]\]^ This could be a secondary effect of campaigns against smoking during pregnancy that have been undertaken in Mexico, but are not related with the lack of association between severity of bronchiolitis and pregnancy smoking in this study. Comparable results have been published in Italy.^\[[@R14]\]^ However, activities that prevent smoking during pregnancy should have been followed because it is a well-known risk factor that influences the severity of bronchiolitis in infants and young children.

With respect to the host risk factors that affect severe bronchiolitis, we found that male sex and having persistent ductus arteriosus at birth were associated with severity. This is consistent with the fact that persistent ductus arteriosus at birth increases the severity of bronchiolitis because congenital heart disease compromises hemodynamic function, which has been reported previously.^\[[@R6],[@R16],[@R19]\]^ In addition, being a white male is associated with severe bronchiolitis.^\[[@R2],[@R16],[@R21]\]^ Although these host risk factors cannot be avoided to decrease severe bronchiolitis presentation, they should be taken into account when the child arrives to be treated at the Emergency department to improve their care.

Finally, we found that having a complete schedule of vaccinations was a protective factor to prevent severe viral bronchiolitis in infants and young children. This could be a surrogate factor linked to better socioeconomic status and better life habits, as less tobacco smoke, less crowding, or better medical assistance. However, socioeconomic status or parent\'s level of education was not possible to compare between patients and controls because this information was missing in the majority of the cases, being a limiting of our study. In Mexico, the Ministry of Health provides the seasonal flu vaccines to all children older than 1 year, but vaccination against RSV is not available to date. Although this protective association does not explain the decreased incidence of severe bronchiolitis among vaccinated children, it is important to note that these data reflect that the healthy control group had better health care, including vaccinations against preventable infections. Pregnancy history factors, such as adequate prenatal care and taking calcium during pregnancy, were protective factors for severe viral bronchiolitis in this study. Although a previous report did not find these factors protective,^\[[@R24]\]^ studies in low-income populations should be done to more thoroughly investigate these protective associations.

In summary, RSV infections were the most common respiratory virus isolated in infants and young children with severe bronchiolitis. Therefore, to significantly reduce the incidence of hospitalizations due to severe bronchiolitis, we must develop vaccines against RSV infections. In addition, to minimize children\'s exposure to cigarette smoking, the National Ministry of Health should reinforce public campaigns to avoid the exposing infants and young children to cigarette smoking.
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